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The  effect  of  low  temperatures  on  bacteria,  viruses,  ferments, 
cells,  and the bacteriophage has been observed and reported.  The 
effect of repeated  freezing and  thawing on  some of  them  has  also 
been  studied.  The  temperatures  used,  however,  as  well  as  the 
number of freezings and thawings employed, varied greatly, and in 
many instances  the  effect on  only one  or  two  agents  was  studied 
by the same worker.  Nevertheless some observers have stated that 
by means of repeated freezing and thawing it is possible to determine 
whether certain of these agents are living or dead.  In view of the 
inadequacy of the knowledge concerning  this  subject  it  seemed  de- 
sirable  to  study further the  effect of  repeated  freezing  (-185°C.) 
and  thawing  on  vaccine  virus,  Virus  III,  herpes  virus,  and  the 
bacteriophage as compared with the effect on colon bacilli, comple- 
ment, and trypsin.  The results of the investigation are reported in 
this paper. 
]Viacfadyen (1-3) exposed vegetative and spore forms of bacteria, seed, and 
Buchner's zymase to the temperatures of liquid air (-185°C.)  and liquid hydrogen 
(-252°C.)  for 20 hours and found that the bacteria grew, that the seed germi- 
nated, and that the zymase was still active.  No determinations of the number 
or amount of the active agents, however, were made before or after the exposures. 
White's (4) report concerning the results obtained by exposing bacteria to the 
temperature of liquid air for a period of 2 hours shows that 50 per cent of the 
hardier bacteria survived while 98 per cent of the less resistant varieties were 
killed.  He  also states  that vaccine virus was active after an exposure for 15 
minutes to the temperature of liquid air.  No determinations of the amount of 
active virus were made, however, before or after the exposure. 
Barratt  /5) found that rabies virus was active after an exposure for 3 months 
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to the temperature of liquid air.  The same virus, however, was not active after 
treatment for 45  minutes in  a  disintegrating machine kept at  a  temperature of 
--185°C. 
Salvin-Moore and Barratt (6) exposed cells of a  graftable mouse cancer to the 
temperature of liquid air for 30 minutes and found that mice inoculated with the 
treated cells developed cancers.  The observers assume that the cells were killed 
by the treatment while the cancer virus survived. 
Gaylord (7) found that cells of a transplantable mouse cancer, although injured, 
were able, after exposure for 80 minutes to the temperature of liquid air, to pro- 
duce tumors when injected into mice.  On the other hand, he found that freezing, 
by means of liquid air, killed embryonic tissue.  He also observed that trypano- 
somes were able to  resist a  temperature of  -185°C.  for a  period of 20  minutes 
but not for a  period of 40 minutes. 
Stockman  and  Minett  (8)  state  that  the  virus of foot  and  mouth  disease is 
active after repeated freezing and thawing.  Ammonia brine was used for freezing. 
Sanderson (9), using two strains of Lacteriopbage, one active for staphylococci, 
the other lyric for colon bacilli, found  that  the  titer of the phages was not  in- 
fluenced by freezing and thawing 20 successive times.  Solid COs, approximately 
-780C.,  was used for freezing.  The results of his experiments  lead him to be- 
lieve that the bacteriophage is something other than a  viable organism. 
D'H6reUe  (10),  working  with  two  strains  of bacteriophage, one  active for 
dysentery bacilli, the other lyric for staphylococci, found that the phage in filtrates 
less than  17 days old resisted at least 3 exposures to the temperature of liquid air 
for periods of 10 minutes each, while the phage in older filtrates was not active 
after 1 to 3 such exposures. 
Methods and Materials. 
Freezing and  Thau~ng.--The low  temperature  (-185°C.)  used  in the experi- 
ments to be reported was obtained by means of commercial liquid air which was 
transported from the plant to the laboratory in Dewar flasks.  Desired amounts 
of the  air were  transferred to  deep Dewar beakers where small amounts  of the 
substances  to  be  frozen, enclosed in  Noguchi  tubes,  were  completely immersed 
for several minutes.  Mter the substances had been completely frozen they were 
quickly thawed in tap water  (16-18°C.).  This procedure was repeated as often 
as desired.  Then the treated substances, as well as the controls, were tested and 
titrated by standard methods. 
B. coll.--Colon bacilli, 24 hours old, were washed off agar slants and suspended 
as desired in water, broth, physiological salt solution, or Locke's solution. 
Vaccine Virus.--Testicles, into which vaccine virus had been  injected 4  days 
previously, were removed from the rabbit and ground up with sand.  After the 
addition  of  20  cc.  of Locke's solution,  the  emulsion  was  centrifuged,  and  the 
supernatant  fluid was used as a  stock virus.  A  fresh stock was made for each 
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Virus IlL--Virus  III (11), indigenous  to rabbits,  was prepared for each ex- 
periment in  a  manner similar  to that described  for vaccine  virus. 
Herpes  Virus.--Herpes  virus  was injected into  the brain* of a young rabbit. 
The animal  usually  died  5 days later.  From the  brain,  removed immediately 
after  death,  a  1-10  emulsion  was  made  in  Locke's solution  and  centrifuged. 
The supernatant fluid was used as a stock virus.  Fresh stock was made for each 
experiment. 
Bacteriophage.--A  bacteriophage  lytic for B.  coli was  prepared  in  the  usual 
manner  in  buffered  broth  with  colon  bacilli.  The  resistent  bacteria  were  re- 
moved by filtration  and  the  filtrate  was used  as a  stock phage.  The filtrates 
used in the experiments  were 19 to 90 days old and the lytic principle in them was 
usually active in a dilution  10  -1°.  Titrations for the activity of the phage were 
made in the usual manner by means of dilution with broth in which young colon 
bacilli  were  suspended.  Mter  the  different  dilutions  were  incubated  for  48 
hours,  the cloudy tubes  were heated at 60°C. for 30 minutes,  and then 0.5  cc. 
from each tube was tested for the presence of phage.  In this way the last tube 
in which phage was present  could be accurately determined. 
Complement.--Complement  in fresh guinea serum  was used.  Dilutions  of the 
serum  were made by means of physiological salt  solution.  Activity of the com- 
plement  was tested in the usual way by dilution  or by the determination  of the 
length  of time required  by the complement  to hemolyse a known amount of red 
blood cells.  Care was taken not to inactivate  any of the complement by shaking. 
Trypsin.--Trypsin, in a buffered solution of pH 7, was supplied by Dr. North- 
rop.  Determinations  of  the  ferment's  activity  before  and  after  freezing  and 
thawing  were made  by Dr.  Northrop.  Details  of the  technic  can be  obtained 
from his papers  (12).  Care was taken to inactivate none of the ferment by shak- 
ing. 
EXPERIMENTAL. 
All experiments made to determine the effect of freezing ( -  185°C.) 
and thawing on colon bacilli, Virus III, vaccine virus, bacteriophage, 
complement,  and  trypsin were  repeated  several  times,  and many of 
them  were  performed  simultaneously.  For  convenience,  however, 
the results of the experiments will be reported separately. 
Colon Bacilli. 
It is  a  well  established  fact  that  many bacteria  are  killed  by re- 
peated  freezing and  thawing,  even  when  a  temperature  only a  few 
degrees  below  O°C.  is  employed.  Therefore  colon  bacilli  were  in- 
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cluded as a  control in the list of active agents to be exposed repeatedly 
to  the  temperature  of  liquid  air,  and  the  following  experiment  is 
illustrative of the results obtained with these organisms. 
Colon bacilli, washed  from an agar slant and suspended  in broth, were frozen 
and thawed 12 successive  times.  Before freezing there were  180,000,000 viable 
organisms per cc.  After freezing and  thawing,  however, only 40,000 organisms 
per cc. remained viable. 
When it had been shown by the experiment above that colon bacilli 
are killed by repeated exposure to  the temperature of liquid air,  the 
following experiment was performed to determine what influence the 
number of bacteria per cc. and the type of suspending fluid have on 
the percentage of organisms killed by repeated freezing and thawing. 
TABLE  I. 
Summary of Experiment Showing the Effect of Dilution and Diluent on the Percentage 
of Colon Bacilli Killed by Freezing and Thawing 4 Successive Tiraes. 
N  -  -  •  ]No  bacteriapel  cc  o. oactena per cc.  "  •  "  ....  I  after 4 Ireezmgs  Diluent  Dilution  oetore zreezmg  I  and thawlngs 
Locke's solution  ....................  1-10  18,400,000  [  27,000 
"  "  ....................  1-1,000  380,000  [  20 
Broth .............................  1-10  44,000,000  [  13,200,000 
"  ...............................  1-1,000  600,000  [  188,000 
Colon bacilli, removed from an agar slant, were suspended in sterile distilled 
water.  0.5 cc. of the suspension was put in 4.5 cc. of buffered broth and Locke's 
solution respectively.  Further dilutions,  1-1,000, were made with each diluent, 
and  two of the suspension,  1-10  and  1-1,000, in  each series  were  frozen  and 
thawed 4 times.  The number of viable organisms per cc. was determined before 
and after freezing.  The results  of the experiment are summarized  in Table I. 
It  is  obvious  from  the  results  shown  in  Table  I  that  the  colon 
bacilli were more susceptible to repeated freezing and thawing  when 
Locke's solution instead of broth was employed as a  suspending fluid. 
It is also evident that approximately the same percentage of bacteria 
was kl,ed in the different suspensions made by means of broth.  On 
the other hand,  a  greater percentage of bacteria  was  killed  in  the 
1-1,000  dilution  made  with  Locke's  solution  than  in  the  1-10 dilu- 
tion made with the same fluid. T.  M.  ~n~P.s  15 
Virus IlL 
The  effect of  repeated  freezing and  thawing on  Virus  III  was 
determined by means of the following experiments. 
1 cc. of a fresh stock emulsion containing active Virus III was added to 9 cc. 
of Locke's solution.  One half of the emulsion was used as a  control; the other 
was frozen and thawed 22 successive times.  From the second half samples were 
removed for tests after the 2nd, 12th,  and 22nd freezings.  The control emulsion 
and the samples of the treated one were tested for the presence of active Virus HI 
by means of inoculations in the shaved skin of the same normal rabbit.  The 
results of the tests are shown in Table II. 
TABLE  II. 
Summary of the Results Obtained by Repealed Freezing and Tkawing of Virus IIL 
No. offreezJ~ssndthawh~gs 
Control (unfrozen) 
2 
12 
22 
1-10 
++ 
++ 
Dilutions 
1-100 
+.4_ 
+ 
!-1,000 
+ 
m 
+'s indicate the presence of a  virus reaction at the sites of inoculation.  - 
indicates the absence of a reaction.  Dilutions are in terms of the stock testicular 
emulsion containing the virus. 
The experiment indicates clearly that Virus III is easily killed or 
inactivated by repeated freezing and  thawing in  spite of the high 
protein content of the emulsion containing the virus. 
Vaccine  Virus. 
Vaccine virus in a  stock testicular emulsion, diluted 1-10,  1-100, 
and  1-1,000,  showed no  appreciable  decrease in  its  titer  after  12 
successive freezings and thawings.  Finally, however, it was possible 
as will be shown in the following experiment, to  decrease  the  titer 
of the virus by repeated freezing and thawing. 
Icc. of a stock testicular emulsion containing active vaccine virus was diluted 
1-10, 1-100,  and 1-1,000  by means of Locke's solution.  One half of the 1-1,000 
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times.  Samples of the latter half were removed for tests after the 24th and 34th 
freezings.  The control emulsion and the samples of the treated one were tested 
for the presence of active vaccine virus by means of inoculations in  the shaved 
skin  of  the  same normal  rabbit.  The  results  of  the  tests  are  summarized  in 
Table III. 
From the results of the experiment just described it is evident  that 
a  certain percentage of the vaccine virus, diluted 1-1,000 with Locke's 
solution,  was  inactive  after  34  successive  freezings  and  thawings. 
This virus,  however,  proved to  be more resistant  than  any other  of 
the  active  agents  tested. 
TABLE  III. 
Summary of the Results  Obtained by Repeated Freezing and Thawing  of Vaccine Virus. 
No. of freezh~gs  and thawlngs 
Control (unfrozen) 
24 
34 
1-1,000 
+++ 
++ 
++ 
Dilutions 
1-10,000 
++ 
+ 
+ 
1-I00,000 
+ 
-4- 
+'s indicate the presence of a  virus reaction at the sites of inoculation.  - 
indicates the absence of a reaction.  Dilutions are in terms of the stock testicular 
emulsion containing the virus. 
Herpes Virus. 
The activity of herpes virus in  a  fresh stock emulsion was not ap- 
preciably decreased  by  12  successive  freezings  and  thawings.  The 
following  experiment,  however,  shows  that  the  virus  is  susceptible 
to  such  treatment  under  certain  conditions. 
0.5 cc. of a fresh stock brain emulsion containing active herpes virus was diluted 
1-20:by means of Locke's solution.  One portion of the diluted emulsion was used as 
a control; another portion was frozen and thawed 24 times.  The two portions were 
then tested for the presence of active virus by means of intracerebral inoculations 
in young rabbits.  The results of the tests are summarized in Table IV. 
The experiment demonstrates that herpes virus, provided  the brain 
emulsion  containing  it  has  been  sufficiently  diluted  by  means  of 
Locke's  solution,  is  killed  or  inactivated  by  repeated  freezing  and 
thawing. T.  ~r.  ~VE~S  17 
Bacteriophage. 
Early  in  the  work  with  a  bacteriophage  lyric  for  colon  bacilli  it 
became  evident  that  repeated  freezing  and  thawing  inactivated  at 
least 99 per cent of the phage.  Details of these  experiments will be 
omitted  since  results  similar  to  the  ones  obtained  in  them  will  be 
TABLE IV. 
Summary of Results Obtained by Repeated Freezing and Thawing of Herpes Virus. 
Dilutions 
No. of heezings and thawlngs 
1-20  1-40  1-80 
Control (unfrozen)  +  +  + 
24  --  --  -- 
+  indicates death of the animal within 7 days after intracerebral inoculation of 
0.25 cc. of the emulsion diluted as noted.  -  indicates that the animal was alive 
4 weeks after inoculation.  Dilutions axe in terms of the stock emulsion. 
TABLE  V. 
Summary  of Experiment Showing the Effect That the Type of Diluent Has on the 
Percentage of Bacteriophage Inactivated by Freezing and Thawing. 
Dilutions of 
Diluent  stock filtrate  Titer of phage after 12 freezings 
frozen and  and thawings 
thawed 
Broth (unfrozen control) ................. 
c¢ 
Distilled water ......................... 
Locke's solution ........................ 
Salt  " 
1-10,000 
1-10,000 
1-10,000 
1-10,000 
1-10,000 
lO--lt 
10-7 
10-~ 
10-5 
Completely inactivated 
Dilutions are in terms of the stock filtrate. 
shown  in  other  experiments  performed  to  ascertain  what  influence 
the degree of dilution or the type of diluent  has on  the percentage of 
phage  inactivated  by  repeated  freezing  and  thawing.  The  effect 
that  the  type of diluent  has on  the  percentage of phage inactivated 
under these conditions was investigated first in the following manner. 
Portions of the stock filtrate containing  the  active lyric  substance  were  di- 
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water, and physiological salt solution.  The pH of the first two diluents was 7.6, 
while that of the last two was between 7 and 6.  Small amounts of the diluted 
filtrate were frozen and  thawed  12 successive times.  Then  tests were made in 
the usual way to determine the titer of active phage in the control as well as in 
each treated specimen.  The results of the titrations are shown in Table V. 
The  experiment  affords  conclusive  evidence  (1)  that  phage  is 
inactivated  by  repeated freezing and  thawing,  and  (2)  that  the  type 
TABLE  VI. 
Summary of Experiment Showing the Effecl That Dilution Has on the Percentage of 
Bacteriophage Inactivated by Freezing and Thawing. 
Dilutions of stock  Titer of phage before 
Diluent  filtrate frozen and  and after 8 freezings 
thawed  and t hawings 
Broth (control) ................................. 
"  (frozen) .................................. 
gt  gg 
......  °  ....  •  ..........  °,,•°•.,,,°., 
"  (control) ................................. 
Distilled water (control) ......................... 
....  (frozen) .......................... 
.......  °  ....  °..°°°,..°•°.° 
,t  "  (control) ......................... 
Locke's solution (control) ........................ 
"  "  (frozen) ......................... 
........,.,  ....  ,,...  ....  , 
"  "  (control) ........................ 
Salt solution (control) ........................... 
.  ,t  (frozen .............................. 
It 
.....  °..  ........  .....  ......  •.. 
"  (control) ............................ 
1-10 
1-10 
1-1,000 
1-1,000 
1-10 
1-10 
1-1,000 
1-1,000 
1-10 
1-10 
1-1,000 
1-1,000 
1-10 
1-I0 
1-1,000 
1-1,000 
10-11 
lO-g 
lO-O 
lO-n 
10--11 
lO-S 
lO-S 
lO-iS 
lO-n 
10-10 
10-7 
lO-n 
10-11 
10-9 
10-I 
10-11 
Dilutions are in terms of the stock filtrate. 
of  diluent  influences  the  percentage  of  phage  inactivated  in  this 
manner. 
After it had  been determined  that  the  type  of  diluent  does  affect 
the percentage of phage inactivated by repeated freezing and thawing, 
the  following  experiment  was  performed  to  ascertain  what  effect 
the degree of dilution has on  the percentage of phage inactivated  by 
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Portions of the stock filtrate containing phage were diluted 1-10 and  1-1,000 
by means of each of the following diluents:  broth, distilled water, Locke's solution, 
and physiological  salt solution.  Half of each specimen  was used as a  control; 
the other half was frozen and thawed 8 times.  Tests were then made in the usual 
way to  determine the titer of active phage in  each specimen.  In  these  titra- 
tions pipettes were  changed after every third tube.  Consequently the titer of 
the phage in each series may be slightly higher than it would have been had a 
clean pipette been used after each tube.  Since the same technic was used through- 
out the experiment, the results of the different titrations summarized  in Table VI 
are comparable. 
The  results  of  the  experiment  indicate  that  an  increase  in  the 
dilution  of the  stock  filtrate by means  of broth  and  distilled  water 
TABLE  VII.  , 
Summary of Experiment Showing the Effect That Freezing and Thawing Have on 
Complement in Diluted Serum. 
Specimens  of complement 
1-50 (control) ....................... 
1-50 (frozen  and thawed) ............. 
1-100 (control)  ....................... 
1-100 (frozen  and thawed) ............ 
Titration by dilution 
1-50  1-100[1-200[1-400 
•  _1 1  - 
Time required 
for complete 
hemolysis* 
3  rain. 
4  c~ 
No hemolysh 
* Dr. Landsteiner was kind enough to make this test. 
+'s indicate hemolysis.  -  indicates no hemolysis. 
does not  at  the  same  time lead  to  an  increase in  the percentage of 
phage inactivated by repeated freezing and  thawing.  On  the  other 
hand,  an increase in  the dilution  accomplished by means of physio- 
logical salt solution and Locke's solution does lead to an increase in 
the percentage of phage inactivated,  as evidenced by a  greater per- 
centage  of  phage  being inactivated  in dilutions  of  1-1,000  than  in 
dilutions  of  1-10.  These  findings  are  similar  to  the  ones  shown  in 
Table  I  concerning the  effect of dilution  on  the  percentage of  bac- 
teria killed by repeated freezing and  thawing. 
Complement. 
The titer of complement in  undiluted  serum and in  serum diluted 
1-10  is  not  appreciably  decreased  by  12  successive  freezings  and 20  FlO,_EEZING AND  THAWING O1~  COLON BACILLI~ ETC. 
thawings.  When  this  fact  became  evident,  a  study  concerning  the 
effect of freezing and thawing on complement in highly diluted  serum 
was made in  the following manner. 
Portions of fresh guinea pig serum were diluted  1-50  and  1-100  by means of 
physiological  salt  solution.  Half of each  specimen was used  as  a  control:  the 
other half was frozen and thawed 12 times.  Then tests for the presence of active 
complement in each of the control and treated specimens were made by means 
of dilution  and also by the determination of the time necessary for given amounts 
of the sera to completely hemolyse gi,'en amounts of red blood cells in  the pres- 
ence of a  great excess of amboceptor.  Throughout  the  experiment, the  results 
of which  are shown  in Table VII, care was taken not  to inactivate the comple- 
ment  by shaking. 
From  the  results  of  the  experiment  it  may  be  concluded  that 
complement in highly diluted serum is inactivated by repeated freez- 
ing and  thawing. 
Trypsin. 
The  effect of freezing and  thawing  on  trypsin  was  studied  in  the 
following manner. 
Portions of a 5 per cent stock solution of trypsin were diluted  1-10  and 1-500 
by means of a  buffered  solution having a  pH of 7.  Half of each specimen was 
used as a control, the other half was frozen and thawed 12 times  Care was taken 
to inactivate none of the ferment by shaking.  After the amounts of active tryp- 
sin in the control and treated specimens were determined  1 and compared, it was 
found  that  70 per cent  of the  trypsin was inactivated in  the  specimen diluted 
1-500, while only 17 per cent was inactivated in the one diluted  1-10. 
The  results  of  the  experiment  above  afford  conclusive  evidence 
that  trypsin  is  inactivated  by  repeated  freezing  and  thawing  and 
under  these conditions a  greater percentage is inactivated in  a  dilute 
than in a  concentrated  solution. 
DISCUSSION. 
The  numerous  discussions  concerning  the  nature  of the  bacterio- 
phage have led many investigators to question more closely the living 
nature  of some of the  so  called  filterable  viruses.  Many  tests  have 
1 Dr.  Northrop  supplied  the  trypsin  and  determined  the  amount  of  active 
trypsin  in  the  control  and  treated  specimens. T.  ~.  RIVERS  21 
been devised to act as criteria for the presence of life, but so far  no 
one of them  has  been  found  satisfactory.  Recently Sanderson  (9), 
using a  temperature  of  -78°C.,  found no  diminution  in  the titer of 
two strains of phage subjected to 20 successive freezings and thawings. 
Since bacteria  and  cells are killed by repeated freezing and  thawing 
he  concludes that  the  bacteriophage  must  be something  other  than 
a living organism.  In the experiments reported in the  present paper 
a  number of active  agents,  some undoubtedly living,  others  equally 
unquestionably  not  living,  and  still  others  of  a  doubtful  nature, 
were  subjected  to  repeated  freezing  (-185°C.)  and  thawing.  By 
these tests it has been possible to determine  that mere destruction or 
inactivation  of a  substance  cannot  be accepted as proof that  it  ex- 
isted in a  living  state. 
CONCLUSIONS. 
Colon bacilli,  Virus III,  vaccine virus,  herpes virus,  bacteriophage, 
complement, and trypsin  are either  killed  or inactivated  by repeated 
freezing (-185°C.)  and  thawing.  As  might  be  expected, some 
of  the  agents  are  more  resistant  than  others. 
Hence it may be concluded that  destruction or inactivation  of  an 
active  agent  by  repeated  freezing  (-185°C.)  and  thawing  is  not 
proof that it was possessed of life. 
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